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ﬁ ) OVER A SWEPT-BACK WING .

By Doris Cohen
SUMMARY

The load over an elliptical wing with 30° sweepback
has been calculated by a method, based on vortex theory,
which takes account of the cbordwise distridbution of 1ifts
ing area. The theory indicates a l4-percent loss in to-
tel 1ift duoe to the introduction of sweepback, with the
greatest loss taking place at the center of the span. An
increase in concentration of load at the tips is also in-
dlcated. The rasults sre comparvd with results previous-
ly obtained by somewant simpler cnloulatdlons based on the
assumptlion of a singls lifting vortex.

INTRODUCTIOK

Until recontly, theoorotical treatments of the effoct
of sweepback on thoe aorodynamlec characteristiocs of a wing
have falled to coneslder any deviantion of the span loading
from that of the corresponding stralght wing. In a recent
report (reference 1), the load over a swent-back wing 1s
determined by considering the effect of a 1lifting line at
the quarter-chord line of the wing on the flow at the
three~quarter-chord line. A method of load determination
has since been developed (reference 2) that takes into
account the continuous chordwlee distridution of 1lift.
Application of this more accurate method to the case of a
swvept-back wing indicated (see reference 2) that the in-
troduction of swecepback cAuses the 1l1ft At the center to
fall conslideravly bPelow that of the corresponding wing
without swoepback, Tho calculations of reference 1 did
not show this effect. Further camlculatlions were therofore
undertaken to determine the correct lomnd dlstridbution,
with epecianl attention glven to the losd at the middle of
the span. The cmlculations were mnde for the case of a
wing of aspect ratio 6 with an elliptical distribution of
chord, the center line of whlioch 1s swept back 30°



The results obtalned ~re compared with the data of
reference 1.

METHOD OF OBTAINING THE LIFT DISTRIBUTIOX

The method of calculation of the 1lift distribution,
described in detall in reference 2, consisgted 1ln replac-
ing the wling and 1tse wake by a contlinuous dietrlidbution of
vortices and computing the induced vertical velocitles
caugod by thls vortex system at several points on. the wing.
It 18 ovident thnt, in order to satisfy the boundary con-
ditions, the 1nducod velocltles must be proportional to
the slopo of the surfece at these polnts and, 1ln particu-
lar, for n flat surface they must all boe equal, Thoe vor-
ticos coilncide with the contour lines of the eirculation
function ', which, 1an turn, 1s obtained by integrating
tho 11ft back along the chord from the leading edge.

Pointes for which the downwash was cnlculated woere .
takon along the quarter-ckhord line and the three-quarter-
chord line, at the center section and at 30, 60, and 86,7
percent of the semispan. The 1ift distridbution derived
from two-dimenslonal theorles resulted in a linear varilas-
tion of downwash along the three~quarter-chord line ex-
cept for a discontinulity at the center, where the downwash
was infinite. A second approximatlion, deslgned to elliml-
nate the peak in the downwesh At the center, proved to be
too far ir the other directlion. A third approximatlon
gave agaln a linear varlation of downwash, bdbut with sllight-
ly lower values at the center than at the tip. Values for
the quarter-chord points obtained for this same 1l1ft dls-
tribution fell along a line parallel to that for the
three—~-quarter chord and approximately 8 percent below 1%,
This result 1ndicates a small amount of camber, about
equrl to the averago camber of the stralght elliptiocal
wing used for comparison, but in any caso negligible. It
was assuned that intorpolatlion betwcon the third load dis-
tribution and the firet (two-dimensional) approximation,
st the same angle of attack, would be a falrly accurate
solution to the prodblem, especially elnce the third ap-
proximation was already a close one. The curvos presented
are the result of this interpolation,
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R - RBSULTS AND..DISCUSSION

R

Flgure 1 shows the complete cenflguration of vortices
determined for a flat swept-~daock wing without thiekness.
The vortex lines were derived from the 1ift distribution
in such & way that nd jJacent lines enclose a fixed amount
of 11ft; the concentration of 1lift in any reglon is thero~
fore proportional te the density of the lines. The entire
Pattern 1e independent of sngle of attack, except mre the
basic theory breaks down at large angles of attack,

In figure 2 1s shown the span loading derived for the
ellipticnl wing with 30° ewanpback, The calculated load
ie compared with the elliptical load, walch hns becn shown
(reference 2) by the eame method to be an reasonadlt accu-
rate assunption for ar ellipticel wing with no swoopback,
At the same angle of mattanek of the two wings, measured in
accordance with tho thlin-wing-scction theory by the slope
at the throe-quertor-~chord line, theo aren undor the ourve
for eswospback is 85 percent of tkat under the ollipse,
indicating a lose, due to0 the introduction of swveepdback,
of 14 porcont of tho total lift, Thie rosult 1g twice
that obtanlned by Muttervperl for an mirfoil of constnnt
chord (reference 1), uelng roc*ilinoar vortices concon-
trated on the quarter-cherd line.

The effect of sweepback on the epanwise variatioen of
the 11ft, 1ndicated by the curves Arawn for the same to-
tal 11ft, 18 in general the same as 18 given by Mutterperl's
simplified treatment, except for the pronounced falling
off of 11ft at the conter., Because Mutferperl chose his
dowawash polnte at 50 percent of the semispan and beyond,
no .comparison of the resulte at the center 1s posesible.
The present method 1s, howover, ccnslderod to be partiocu-
larly velid in that reglon.

The present calculations are mado for elliptiocal
wings., In Muttwrperl's work and in the exverimentes avall-
able for comparison, wings with conetant chord distridu-
tion or siralght taper woro comsidercd. In seme toste
(reforences 3, 4, and 5) the swoepback was effected by ro-
tatlng the wing about nn axls in tho planc of symmetry,
thus changing the sectien profilo in the dircetion of the
alr stream as woll as tho chord distribution., Thus, neo
real .chock of tho theory ie available.

Tho following table 1e A sumnary of portinent test
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data on the lose in tetal 1ift due to the introduction of
eweepback. Tho valuee tabulated givo the total 1ift cn
tho swoept-back wings, exprossod as fractlions of tho 1lift
on the corresponding stralght wings.o Theoretical values
for the total 1li1ft for otker than 30  sweepback were ob-
talned by 1lnterpolation, on the assumption that the 1ift
varies as the cosine of tLe angle of sweopbacik.

Thooretical values Exjerimentel data
Argle
of Theory of Tleory of
sweep— reference 1 |reference 2
back | (rectengular |(elliptical |Valus Remarks Reference
(deg) chord chord
distribution)|distriontion)
20 C.97 0.94 0.56 | S1ightly rownded 3
tins
23 .92 .Gl | Aspect ratio, 8.3 T
27% .39 .96 | ¥o tip foirings; {8 end 9
2:1 taper
; &7 | ¥o tip feirirnzs 4
30 19)+ 080
.£3 | Corrected for )
aspcet ratio

Unless othervliso notsd, the wings were of constant
chord and aspec: ratio 6. The reaeon for the discrevan~
cles armong the test results is not undsrstood, dbut 1t 1le
posslble that differences in plan form introduce first-
order effects not predictablo by potential-flow theory.

Pressurc-distribution toets Lave been mpdo by Znlight
and Noves (references & and 6) on roctangular wings with
20° swoepback. MNo measuromcnts wero made over the cantral
35 porcent of the epan, however, whero tho chilef offoct
of the swoopback is to to oxmocted. The incomplstoness of
the exporimonte, comblncd wlith tho distortion of the chord
distrioution and of thc section prcfileos lantroduced wlth
the aweepback, makos the deta unsatlsfactory for chkecking
the present results. Erperimental verificatlon of the
dropping off of the 1i1ft 1in the ccntor 1s thorefore still
needod., =
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CONCLUDING REMARKS

gela are gimilar to those shown in reference l: S8weep-

back promotos highor concentration of load at the wing

tips and reduces the total 11ft for a glven angle of at-
tack, The thooretical reduction of 1lift in the case of an
elliptiocal chord dietridbution, aspect ratio 6, amd 30°
sweepback amounts to 14 percent of the load for the straight
wing. This loss, which i1s about twlice as large as would be
expected from reference 1, results from a pronounced reduc-
tion of the load carried at the center of the wing, a fac-
tor which wae not covered by the ocasleculations of the refer-
ence. Avallable experimental data on sweepback are not
consldered to provide a concluslive check of the results
progsented. The amcouracr of the theory should be checsked

- by further tests, eepocially pressuro-distribution measure-

ments to detormino whethor or not the large loss of 11f%
near the center actually occurs.

Langley Memorial Aeronautical Laboratory,
Natlonal Adviecory Committee for Aeronautics,
Langley Fleld, Va.
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Figure 1.~ Distribution of vorticity or circulation over ellipticel wing, A = 6, swept back
300, Density of the contour lines indicatos concentration of 1ift. The numbers
refor to the value of the circulation functlon I. :
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Figure 2.~ Span-load curvos for & wing wita elliptical chord distribution, showing the effects
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